In this work we construct the ππ scattering amplitude T 0 0 with regular analytical properties in the s complex plane, which describes simultaneously the data on the ππ scattering, φ → π 0 π 0 γ decay, and ππ → KK reaction. The chiral shielding of the σ(600) meson and its mixing with the f 0 (980) meson are also taken into account. The data agrees with the four-quark nature of the σ(600) and f 0 (980) mesons. The amplitude in the range −5m 2 π < s < 0.64 GeV 2 also agrees with results, obtained on the base of the chiral expansion, dispersion relations, and the Roy equations.
I. INTRODUCTION

Study of light scalar resonances is one of the central problems of nonperturbative QCD,
it is important for understanding both the confinement physics and the chiral symmetry realization way in the low energy region. The commonly suggested nonet of light scalar mesons is f 0 (600) [or σ(600)], K * 0 (800) [or κ(800)], f 0 (980), and a 0 (980) [1] . Light scalar mesons are intensively studied theoretically and experimentally in different reactions.
In Refs. [2] we described the high-statistical KLOE data on the φ → π 0 π 0 γ decay [3] simultaneously with the data on the ππ scattering and the ππ → KK reaction. The description was carried out taking into account the chiral shielding of the σ(600) meson [4, 5] and its mixing with the f 0 (980) meson. It was shown that the data do not contradict the existence of the σ(600) meson and yield evidence in favor of the four-quark nature of the σ(600) and f 0 (980) mesons.
This description revealed new goals. The point is that at the same time it was calculated in Ref. [6] the ππ scattering amplitude in the s complex plane, basing on chiral expansion, dispersion relations, and Roy equations. In particular, the pole was obtained at s = M 
which was assigned to the σ resonance.
Aiming the comparison of the results of Refs. [2] and [6] it is necessary to build the ππ scattering amplitude with correct analytical properties in the complex s plane. The point is that in Ref. [2] S matrix of the ππ scattering is the product of the "resonance" and "background" parts:
and the S res had correct analytical properties, while analytical properties of the S back in the whole complex s plane were not essential for the aims of [2] , where the physical region was investigated, and Adler zero existence [7] together with the poles absence on the real axis of the s complex plane were demanded.
In this paper we present the ππ scattering amplitude with correct analytical properties in the complex s plane and the data description obtained with this amplitude [8] . The comparison with the results of Ref. [6] is also presented.
All formulas for the φ → (Sγ + In Refs. [9, 10] it was shown that the dominant background process is φ → π 0 ρ → γπ 0 π 0 , while the reactions e + e − → ρ → π 0 ω → γπ 0 π 0 and e + e − → ω → π 0 ρ → γπ 0 π 0 have a small effect on e + e − → φ → γπ 0 π 0 in the region m π 0 π 0 ≡ m > 900 MeV. In Ref. [11] it was shown that the φ → π 0 ρ → γπ 0 π 0 background is small in comparison with the signal
The amplitude of the background decay
has the following form:
Here, constants F b and δ take into account ρπ rescattering effects [12] . Note that in this work and our previous work it was assumed that F b = 1 [13].
In the
where the K + K − → π 0 π 0 amplitude, taking into account the mixing of f 0 and σ mesons,
where R, R ′ = f 0 , σ, 
Note also that the phase δ ππ B was defined as δ B in Refs. [10, 11] . The matrix of the inverse propagators [10] is
where the constant C f 0 σ incorporates the subtraction constant for the transition f 0 (980) → (0 − 0 − ) → σ(600) and effectively takes into account the contribution of multiparticle intermediate states to f 0 ↔ σ transition, see Ref. [10] . The inverse propagator of the R scalar meson is also presented in Refs. [9] [10] [11] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] :
where
takes into account the finite width corrections of the resonance which are the one loop contribution to the self-energy of the R resonance from the two-particle intermediate ab states.
For pseudoscalar a, b mesons and m a ≥ m b , m ≥ m + one has
; e
The mass spectrum of the reaction is
where the signal contribution
The mass spectrum of the background process φ → ρπ
The interference between signal and background processes accounts for
.
The factor 1/2 in Eq. (20) and the factor 1/ √ 2 in Eq. (23) take into account the identity of pions.
The S-wave amplitude T 0 0 of the ππ scattering with I=0 [10, [15] [16] [17] is
Here η 
Ref. [10] ) is the phase of the elastic background [see Eq. 6], and δ res (m) is the resonance scattering phase, 
and
Actually, e 
π . This requirement leads to
As in Refs. [2] , for f K (m 2 ) we used the form
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The inverse propagator of the ρ meson has the following expression:
The coupling constants g φK + K − = 4.376 ± 0.074 and g φρπ = 0.814 ± 0.018 GeV −1 are taken from the most precise measurement [24] . To obtain the coupling constant g ρπ 0 γ we used the data of the experiments [25] and [26] on the ρ → π 0 γ decay and the expression
the result g ρπ 0 γ = 0.26 ± 0.02 GeV −1 is the weighed average of these experiments.
III. THE BACKGROUND PHASE δ ππ B
The proper analytical properties of the ππ scattering amplitude are two cuts in the s- 
here
Note that this parametrization was inspired by Ref. [19] , devoted to proof that the propagators (8) satisfy the Källen-Lehmann representation in the wide domain of coupling constants of the scalar mesons with the two-particle states. Following the ideas of this paper the conditions
guarantee absence of poles on the physical sheet in Eq. (35) (of course, the restrictions of Sec. IV should be fulfilled too). Note also that we choose the denominator of (35) as P π1 (s)P π2 (s) for our comfort.
IV. RESTRICTIONS ON THE PARAMETERS
Some parameters are fixed by the requirement of the proper analytical continuation of
see Eq. (35) [28] .
The requirement of the T 0 0 finiteness at s = 0 leads to 2 conditions. Really, on the real axis for s > 4m 2 π we have
So, to avoid singularity in the Recall that the condition Eq. (30) removes the singularity in the T (ππ → KK) amplitude. One can see that no special prerequisite to Adler zero existence in the ππ scattering amplitude should be imposed, because it appears when we take into account the results of Ref. [6] .
V. DATA ANALYSIS
Analyzing data, we imply a scenario motivated by the four-quark model [30] , that is, the σ(600) coupling with the KK channel, g σK + K − , is suppressed relatively to the coupling with the ππ channel, g σπ + π − , the mass of the σ meson m σ is in the 500-700 MeV range. In addition, we have in mind the Adler self-consistency conditions for the T 0 0 (ππ → ππ) near the ππ threshold. The general aim of this section is to demonstrate that the data and the [40] , note the latter is usually larger than 1 GeV 2 .
In addition, we carry out Fit 3, where σ(600) and f 0 (980) are coupled only with the ππ channel. As seen from Table I and Figs. 11-13, Fit 3 is in excellent agreement with the data on the δ 0 0 up to 1 GeV and the [6] results. We introduce 52 parameters, but for restrictions (expresses 5 parameters through others) and parameters (or their combinations), that go to the bound of the permitted range (7 effective links), the effective number of free parameters is reduced to 40. It is significant that fits describe not only the experimental data (about 80 points), but also the ππ amplitude from the [6] in the range −5m 2 π < s < 0.64 GeV 2 which is treated along with experimental data.
The σ(600) pole positions, obtained in Fits 1 and 2, lie far from Eq. (1), see Table I . One of the possible reasons is neglecting KK and other high channels in the [6] approach. The role of high channels can be estimated with the help of Fit 3, whose σ(600) pole position is considerably closer to Eq. (1), see Table I .
Note that kernels of the background integrals (38) and (45) Table I, correspond to the first lines of Tables IV and V. As to the background amplitude T 0 back 0 , it has poles on the second sheet of the Riemannian surface, where P π1 = 0 or P π2 = 0. The P π1 has a zero at s = (1246 − 104 i) The P π2 has a zero at s = (0.2 − 9.5 i) m 
, GeV 2 0.150 0.357 0.008 Table IV . σ(600) poles (MeV) on different sheets of the complex s plane depending on lists of polarization operators Π ab (s) are shown. of the σ(600) meson with the KK channel compared to the ππ one and the weak coupling of the f 0 (980) meson with the ππ channel compared to the KK one, see Table I , that results in the weak σ(600) − f 0 (980) mixing [2] . The ratios (g σK + K − /g σπ + π − ) 2 ≈ 0.05 − 0.1 and
18, see Table I For σ(600) it is natural to consider the first line of Table IV [at any rate, it would be correct for very narrow σ(600)]. The obtained pole positions in this case do not agree with the pole position obtained in Ref. [6] , see Eq. (1). Note that the σ(600) pole position is dictated by the σ(600) propagator in our case, because the σ(600) − f 0 (980) mixing is small. Providing the pole position (1) and taking into account only the ππ channel in the propagator, we can determine σ(600) mass and coupling to the ππ channel, and the obtained values contradict the Källen-Lehmann representation, see [19] . Taking into account additional channels we may fulfill the Källen-Lehmann representation, but the region of permitted σ(600) parameters do not allow us to describe experimental data in the current model.
Note that the Roy equations are approximate, they take into account only the ππ channel.
This can lead to a different analytical continuation and, hence, explain deviation of the σ(600) pole position, compare Fit 3 with Fits 1 and 2 in Table I [41] .
The current activity, aiming extremely precise determination of the σ(600) pole position, has taken the forms of the Swift's grotesque. Really, the residue of the σ pole can not be connected to coupling constant in the Hermitian (or quasi-Hermitian) Hamiltonian, see Ref.
[5], for it has a large imaginary part and this pole can not be interpreted as a physical state for its huge width. The futility of the approach that is based on the poles treatment may be additionally illustrated by Fit 2. As seen on line 1 of Table V , the real part of the f 0 (980) pole ReM f 0 on the II sheet of the T 0 0 exceeds the To reduce an effect of heavier isosinglet scalars we restrict ourselves to the analysis of the mass region m < 1.2 GeV. As to mixing light and heavier isosinglet scalars, this question could not be resolved once and for all at present, in particular, because their properties are not well established up to now. A preliminary consideration was carried out in Ref. [42] , where, in particular, it was shown that the mixing could affect the mass difference of the isoscalar and isovector.
The factor |P K (s)| 2 modifying the |T (ππ → KK)| 2 , see Eqs. (7) and (31), is shown on the γγ → a 0 (980) → π 0 η description [43] in this analytical approach. Probably, such an approach would also be useful for the κ(900) meson investigation in the πK channel.
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